can be related to cancer progression and also to cytostatic drug resistance (Bostock et al., 1979; Kaufman et al., 1979) . Cytogenetics could thus become a useful, perhaps even an essential tool in the classification of digestive cancers (Yunis et al., 1981) .
The present work was undertaken with 3 objectives: (i) to develop a technique which would reveal the cytogenetic characteristics of primary colonic cancer, (ii) to detect possible sub-classes of the tumour, and (iii) to detect possible relationships between karyotype and pathology, progression and metastatic properties.
MATERIALS AND METHODS
Patients.-Twenty-four patients were studied who had undergone surgery for col-rectal cancer between January and September 1981. A cytogenetic study was performed on the primary tumour from these 13 males and 11 females, whose ages ranged from 52 to 83 years. The criterion for inclusion in the study was a histologically proven diagnosis with justification for surgical excision.
In each case there was a systematic survey of the duration of clinical signs at the time of diagnosis and of principal symptoms: signs related to stenosis, haemorrhage, fever and weight loss. Antecedents with cancers were systematically sought, as were previously diagnosed and treated colo-rectal polyadenomas. None of the patients received preoperative chemo-or radiotherapy. The following points were defined, based on preoperative data and the histology of the excised tumour: localization, i.e. ascending, transverse or descending colon, mean diameter of the tumour on the open unfixed specimen, presence of polyadenomas or carcinomas associated with the principal tumour (associated lesions were not studied cytogenetically), the histological characteristics of the lesion according to the classification of Morson (1976) and the spread of the carcinoma according to the classification of Dukes (1932) .
Cytogenetics.-The samples, obtained within 15 min of extirpation of the surgical specimen, were immediately opened by an incision parallel to the intestinal axis. When the tumour was not circumferential, the incision passed through a healthy zone. After washing with 500-1000 ml of physiological saline at 20°C, 10 samples were taken from the inner face of the swelling limiting the tumoural crater. Care was taken to sample from the entire circumference. Two-to-fivemm3 fragments were immediately transferred to 5 ml of culture medium (McCoy's 5a modified medium, Gibco Bio-cult Ltd, Paisley, Scotland) at 20°C. After washing in this medium, the samples were minced with fine scissors into approximately 1 mm3 fragments. After removing of necrotic tissue, the remaining specimens were divided into 4-6 equal aliquots, each placed in a Falcon culture tube which received 40 jtg of gentamycin/ml.
Culture time varied from 1 to 20 h, depending on the time of operation and laboratory working hours. It was clear that the fragments should be cultured for at least 15 h before processing the cells.
Tissue fragments were initially incubated with Colcemid (Grand Island Biological Co., Grand Island, N.Y.) at either 0-15 ,ug/ml for 9 h or 0 5 ,ug/ml for 3 h. Initial results showed that a 3h incubation was preferable. After washing with phosphate-buffered saline, fragments were dispersed by trypsin incubation. A homogeneous cell pellet was obtained by filtration through gauze. We subsequently utilized a method developed in a study of other solid tumors (Laboisse, 1982) . Hypotonic shock was performed with 75mM KCI for 25 min at 37°C. The fixative used was methanol: glacial acetic acid (3: 1, v: v) with 2 changes at 20-min intervals. The preparation remained in the last change for at least 12 h. Slides were conventionally prepared and stained with Giemsa solution.
In 13/24 cases, a trypsin G-banding technique was also utilized (Seabright, 1971) . Karyotypes were established according to the nomenclature of the Paris Conference (1971, 1975) .
The results were expressed as recommended in the 1978 ISCN document.
RESULTS

Reliability of the technique
In all cases the modal number of chromosomes was determined from photomicrographs on the basis of the examination of (15) 7 (6) (b) karyotype can be given is of course improved for those tumours in which Gbanding was possible.
Modal number.-The modal number could be unequivocally established in 21 cases ( Fig. 1 ) and the existence of 2 groups is suggested. In the first, the modal number is equal to or very close to 46 (range 43-51) and 11/21 cases were in this group. Cell populations were relatively homogeneous.
In the second group of 9 cases, the mean modal number was close to 65 (range 58-69) and cell populations were slightly more heterogeneous. shown in Table II (Fig. 3) . Thus, the origin of certain markers could be determined: 1 q-, 6 q-, between in which G-bands were obtained, that they markers: were different from one case to another. -1, + 2, Thus, in one case the marker resulted from + 7, + 7, the translocation of the short arm of a 2 on -14, + 14, to a long arm of undetermined origin -19, + 19, (P.O.I.). The origins could not be deterrkers. mined in the other cases (Fig. 4 ).
-Markers
The contribution of G-banding was /22 cases. apparently more decisive in the diploid e summa-forms. Two of the 3 cases with a modal The G-banding technique confirmed structural anomalies without again being able to define the origin of the markers.
Possible relationships between karyotype and histology, localization, local and metastatic spread, familial cancer and preoperative symptoms Histology.-We observed 18 adenocarcinomas and 6 mucinous adenocarcinomas. The major cytogenetic characteristics of these 2 types of tumours are indicated in Table IV . The mucinous adenocarcinomas appeared to be preferentially near-diploid or included 2 clones. Most adenocarcinomas were near-triploid or polyploid (11/18 cases). Double-minutes markers were observed uniquely in this group.
Localization.-In 3/4 cases of right localization, the tumours were near-diploid (W.E.B., C.H.O., R.I.V.) and near-tetraploid once (N.A.T. Spreading.-The cases studied were placed in the 3 classes of Dukes (1932) (Table V) . In Class A, the near-diploidforms or those including a near-diploidpopulation were observed 6/8 times. In the 2 other groups combined, this proportion was only 7/16. Double-minutes were observed only in Classes B and C. We noted the presence of small # F markers in Table IV (Table III) .
No relationship was evident from a comparison on the symptomatic and cytogenetic data. It was noted that of the 3 cases (D.A.E., A.R.R., A.B.O.) whose symptoms included long-term fever without peritumoural suppuration, 2 exhibited a double-minute marker.
DISCUSSION
This study demonstrates the reliability of a method which regularly furnishes the cytogenetic characteristics of primary human colo-rectal carcinomas. In most cases, each cancer was characterized by a single cell clone, although tumours with 2 cell populations were also found. Supernumerary chromosomes belonged primarily to Groups F and C, while missing chromosomes were from Groups E, A and G. The most often observed markers with the standard technique were one # 2 q +, one small metacentric # F and one minute. Double-minutes were observed only in Dukes Stage B and C. Cells were most often paradiploid in non-invasive cancers and structural anomalies were fewer.
The technique presently used is similar to that recommended by Xavier et al. (1974) . All samples must be taken within 15 min of the surgical specimen being freed and must be taken from the inner face of the peripheral tumoural swelling. In addition, the tissue fragments were distributed in 4-6 culture flasks and it appeared preferable to incubate them for [15] [16] [17] [18] [19] [20] h before processing the cells. Colcemid treatment was reduced, both in incubation time and concentration, in order to prevent excessive chromosome condensation and shortening of metaphases. Trypsin G-banding (Seabright, 1971) , gave interpretable results in only 13 cases, possibly owing to excessive chromosome condensation in certain preparations. We observed, as have others (Sonia, & Sandberg 1978) , a general resistance to trypsinization by tumour cells. Despite careful adjustment of trypsin exposure in each case, certain preparations could not be G-banded.
It is expected that G-banding will contribute important findings in diploid forms. Improvement of analytical techniques should be concentrated on demonstrating the earliest chromosomal anomalies. By analogy with the most recent experience in haematology (Yunis, 1981a) it may be expected that the G- (Yunis, 1981b) , will be very useful in the analysis of precancerous lesions and in the chromosomal analysis of the colo-rectal mucosa from subjects with a high risk of neoplasia. A summary of the most important results obtained until 1979 can be found in the review of Sandberg (1980) . The earliest studies had already shown the relatively homogeneous nature of chromosomal anomalies for a given tumour, the existence of 2 distinct groups, near-diploid and near-triploid, and a selection for loss of D and G chromosomes (Atkin & Baker 1969) . In the present series, it was Group E especially and chromosomes 17 and 18 in particular, which was affected, Groups A and G being involved to a lesser extent. In a series of 14 cases, Sonia & Sandberg (1978) found that the majority were Martin et al. (1979) utilized L-arterenol in order to obtain a larger number of analysable metaphases. In spite of this, they were able to determine chromosome numbers only in 13/17 cases. Detailed karyotyping could only be performed 6 times. Although we encountered the same difficulties, it appears that the present method has a higher yield. The number and type of markers described by the above authors are similar to those we observed, suggesting that primary metastatic tumours were sampled. The presence of a # 2 q + marker was observed in a hypodiploid tumour. In the present study we identified this marker 6 times.
Recent results by Reichmann et al. (1980 Reichmann et al. ( , 1981 stressed 2 essential points of chromosome analysis of solid tumours: (i) the relation between the early acquired chromosome aberrations and the cancer itself and (ii) the presence of doubleminutes. We agree with these authors that much attention should be paid to cancers with a diploid line. Three of our cases had clones with 46 chromosomes and 2 of them could be analysed in detail. Both had a # 2 q + marker and one minute in common.
It is consistent with these observations that 2 processes could occur in the early developmental stages: (i) the very limited appearance of structural and/or numerical anomalies primarily involving groups A and F would subsequently lead to neardiploid cancers; (ii) the appearance of a diploid/hyperdiploid mosaic would subsequently lead to near-triploid cancers.
Double-minutes markers were recently reported for the first time in 2 cases of human colo-rectal cancers (Reichmann et al., 1980) . The number of double-minutes per cell and the number of cells involved were both highly variable. were We able to demonstrate double-minutes in 5 cases in the present study, each an invasive form (Duke's stage B and C).
Chromosomal fragments and doubleminutes are to be distinguished by the following criteria: presence or absence/cell (constant or inconstant ratio), number/ cell, constant or variable size Barker & Hsu, 1978) . The nature of double-minutes remains to be elucidated. The absence of a centromere explains the irregular distribution of this marker in daughter cells during mitosis. The double-minutes we observed did not arise as artefacts or from associated therapies, since culture in vitro never exceeded 24 h and none of the patients received preoperative chemo-or radiotherapy. The demonstration of doubleminutes could be prognostically important, since the maintenance or even the amplification of these structures with cell divisions suggest that they confer a selective advantage on the cell bearing them (Trent, 1980) . In addition, methotrexate sensitivity of cultured malignant cells is related to the level of dihydrofolate reductase, the increased level of which induces drug resistance. The genetic stuctures responsible for this have been identified as the homogeneously staining regions (HSR), related to a stable methotrexate resistance. Double-minutes confer variable resistance as a function of their quantitative importance (Alt et al., 1978; Bostock et al., 1979; Kaufman et at., 1979) . In addition to their theoretical interest, these results open interesting perspectives on the possible relationships between the cytogenetic examination of a tumour and its chemo-sensitivity.
The initial results with colonic cancer suggest that the survival time of neartriploid forms is greater than that of neardiploid (Martin et al., 1979) . As a result of insufficient follow-up times, we could not substantiate these arguments. Nevertheless, available data concerning malignant haemopathies (Golomb & Rowley, 1981) provide the motivation for carefully following this problem in the context of malignant tumours of the digestive tract.
